In this study, we investigated the effects of two modified atmosphere packaging films [Osmolux (Osx) and Oriented PolyPropylene (OPP)] on the microbiological and the sensory qualities of ackee fruit (Blighia sapida Köenig) arils stored during eight days under two refrigerated temperatures, 5 ±1°C and 10 ±1°C. The control samples of ackee arils were packaged in a macro-perforated highdensity polypropylene film (MP). The results showed that mesophilic aerobic bacteria (MAB), yeasts and moulds were lower under OPP, although MAB of MP was lower at 5°C. At 10°C, the pH of the ackee arils stored in Osx and OPP did not vary significantly, but the pH of MP showed an increase from 5.32 to 5.95 and 5.83 at 5°C and 10°C, respectively. Results also showed that under OPP, weight losses were lower and averaged 0.12 % and 0.19 % after eight days storage at 5°C and 10°C, respectively, while the sensory quality attributes were preserved up to six days. Conclusively, OPP showed better attributes for MAP storage of ackee arils under refrigerated temperatures, although none of the two films were effective to reduce the chilling injury after the eight days storage.
Introduction
The ackee fruit, Blighia sapida Köenig, belongs to the Sapindaceae and the tree is tropical evergreen. During ripening, the fruit turns from green to red and splits longitudinally into three sections to reveal glossy black seeds in each section surrounded by a thick, yellow, oily, fleshy portion which is the edible aril, which has a nutty flavour ( Fig. 1 ) [1, 2] . The ripe, fleshy ackee arils are widely consumed by Jamaicans, and are one part of the national dish. The ackee is also considered as one of the national symbols in Jamaica. Although an extensive literature exists on the toxicity of hypoglycin A [3] [4] [5] [6] , there is no referenced data reporting the physiology and biochemistry of ackee fruit during storage except that reported by Benkeblia [7] .
In Modified Atmosphere Packaging (MAP) the package internal atmosphere is different from ambient atmosphere. However, the MAP concept is made complex by the respiration of the fresh produce consuming O 2 and releasing CO 2 , water vapour and ethylene. Therefore, the design of Modified Atmosphere (MA) packaging material requires the determination of the physiological parameters to predict gas exchanges of tissues and the behaviour of the fresh produce during storage and to match the packaging film respiratory requirements of the commodity.
The use of MA storage of whole or minimally processed fruits and vegetables and the beneficial effects of extending the shelf life in order to improve the commercial qualities is well and extensively documented [8] [9] [10] [11] . During the last three decades, great advances in the MAP technologies have been achieved in the preservation of fresh but highly perishable crops, as well as the fresh-cut fruits and vegetables preservation [12] . Nowadays, a large number of film types used in MAP are commercially available. However, the use of this technology should consider carefully the effect of the gas composition on the growth of undesirable and/ or pathogenic organisms that could affect the organoleptic qualities and the safety of the produce. Nevertheless, applications of MA to ackee, as well as many other unknown and underutilised tropical crops, have not been investigated, and still a large gap in data is yet to be filled.
The ackee fruit arils are taking a large place in the regional and even the international diets and economies since the product is processed and exported, and the development of the export of this produce as fresh ready-touse produce is becoming a priority for the fresh crop regional producers and exporters. This study of the microbiological and quality attributes of MAP application to ackee was undertaken in order to develop innovativeness in the market offerings for minimally processed ackee arils, as well as, similar underutilised local and regional tropical and sub-tropical crops. The present study evaluates the effects of two different MAP films on the mesophilic aerobic bacteria, yeasts and moulds, pH, titratable acidity, weight losses, and visual quality attributes of ackee arils stored under two refrigerated regimes.
Materials and Methods

Plant material
The cheese (hard) variety ackee trees of the same genotype are growing in the Botanical Garden of the University of the West Indies. The fruits were harvested when fully open from the same trees and during January harvest period.
Packaging and storage conditions
Immediately after harvesting, the arils were carefully removed from the seeds and husk by pulling on the red soft membrane and this separation was easily done, as the fruit is ripe and the red membrane is very soft. After their separation, the arils were packed in two different packaging materials, Osmolux (Osx), Oriented Poly-Propylene (OPP) and macro-perforated high-density polypropylene (MP) as control. These films have been selected because of their high (Osx) and low (OPP) permeabilities to O 2 and CO 2 , therefore creating two different atmospheres at the steady state. The physical properties of these different films are reported in Table 1 . Pouches, each containing approximately 125 ±5 g with an average weight ranging from 6.93 to 10.5 g per aril, were stored under two refrigerated temperature regimes: 5 ±1°C and 10 ±1°C.
Mesophilic aerobic bacteria (MAB), yeasts and moulds determination
The mesophilic aerobic bacteria (MAB) count was determined by the conventional plate count method. Before each sampling, which involved taking the arils out of the pouch, the surface of the packaging material was sterilized using ethanol-sterile gauze to prevent crosscontamination. From each pouch, 10 g was weighed and placed in a stomacher bag. The aril sample was diluted in 90 mL of buffered peptone water (BPW) and homogenized for 2 min at 260 rev per minute, using a stomacher. Five decimal dilutions of the suspension were made in BPW and analysed for MAB count, moulds, and yeasts. For MAB determination, one mL of each decimal dilution was added to a petri-dish containing c.a. 12 mL of potato dextrose agar (PDA) medium. Afterwards, the plates were incubated at 30°C for 36 to 48 h, and then the bacterial colonies were counted. Colonies were counted and the results expressed as Log CFU/g of fresh arils. For determination of yeasts and moulds count, one mL of each decimal dilutions was added on surface of a petri- *Permeability = Permeance × thickness (except for micro-perforated films for which only permeance is considered and has a physical meaning) dish containing potato dextrose agar (PDA) medium acidified with 10% tartaric acid to lower the pH and inhibit bacterial growth. The plates were incubated for 3 to 5 days at 25 ±1°C. The colonies were counted and the results expressed as Log CFU/g of fresh arils.
Weigh losses, titratable acidity (TA) and pH
Weight losses were determined by difference in the weight of samples and estimated in per cent weight difference. For the determination of titratable acidity (TA), 5 grams of sample were homogenized with 50 mL of deionized water. The homogenate was filtered using cheesecloth and the volume made up to 100 mL. Ten mL the filtrate was titrated with 0.01 M NaOH. The titratable acidity was calculated and expressed in per cent. The pH was determined using an Orion pH meter (model Benchtop Star A211, Thermo Fisher).
Chilling injury (CI) assessment
The susceptibility of the arils of the ackee fruit to chilling injury (CI) was determined as follow: symptom of CI was recorded after 2, 4, 6 and 8 days of storage. The severity of the chilling injury was expressed as chilling index (CI index) as defined by Yang et al. [13] . The chilling index (CI index) was calculated as follows:
CI index = Σ[ (browning level) (number of arils at the browning level) ] (Total number of arils in the treatment)
The browning levels are: 0, 1, 2 or 3. Where: 0, no browning; 1, browning covering <25% of the surface; 2, browning covering ≥ 25% but <50% of the surface; and 3, browning covering ≥ 50%.
Visual quality evaluation
Quality evaluation procedures were performed at room temperature (c.a. 25°C) as described previously [14, 15] . The samples were prepared in the preparation area, and the rating was conducted individually in testing booths. A panel of nine judges (4 men and 5 women) scored the visual quality. Ratings were based on a 9-point hedonic scale, where 9: excellent, freshly cut; 7: very good; 5: good, limit of marketability; 3: fair, limit of usability; and 1: poor, unusable.
Data analysis
The experiments were conducted in triplicate (n = 3) for each parameter analysed. Data were expressed as the means ±SD and analysed statistically by determination of least significant difference (LSD at P ≤ 0.05) using GraphPad Prism 4.03 (GraphPad Software, Inc. 2236 La Jolla, CA, USA).
Results
Mesophilic aerobic bacteria (MAB), yeasts and moulds
The growth of MAB was significant in the OPP and Osx films under the two temperature regimes (Fig. 2) . At 10°C, MAB growth increased progressively after four days storage and more sharply after eight days storage to 6.16, 5.73 and 7.93 Log CFU/g for the control, OPP and Osx, respectively. At 5°C, the growth was more regular and MAB count increased progressively. After eight days storage, MAB count was 5.61, 7.60 and 7.53 Log CFU/g for control, OPP and Osx, respectively. Yeasts and moulds growth was more visible at 10°C than at 5°C (Fig. 3) . At 10°C, yeasts and moulds increased from 5.98 to 8.53 and 7.81 Log CFU/g in control and Osx after eight days, respectively. However, in OPP total yeasts and moulds increased from 5.98 to 6.78 Log CFU/g after four days storage, and then they decreased to 4.85 Log CFU/g after eight days storage. On the other hand, at 5°C the growth of yeasts and moulds was more regular in control increasing from 5.98 to 7.85 Log CFU/g after eight days storage. However, during eight days of storage a steady state was observed in OPP and Osx which varied from 5.98 to 5.87 and 6.06 Log CFU/g, respectively.
Weight losses
When stored in MAP, weight losses of ackee arils during storage showed similar pattern under the two refrigerated temperature regimes although it was higher at 10°C and a significant difference was observed between the two films ( Fig. 4) . At 5°C, the weight losses averaged 4.52%, 10.80% and 0.12%, and at 10°C the weight losses averaged 4.86%, 13.99% and 0.19% in control, Osx and OPP, respectively. The average weight loss rates during the storage period of eight days were determined by fitting linear regression lines to the weight losses vs. storage duration. The average weight losses rates were 0.52%, 1.74% and 0.02% at 10°C, and 0.44%, 1.35% and 0.02% at 5°C in control, Osx and OPP, respectively.
Variation of pH and acidity
At 10°C and 5°C, the pH of the arils in the control increased during the storage period (Fig. 5) . At 5°C, pH of the arils stored in Osx and OPP films increased slightly after two and four days, respectively, but remained unchanged after eight days. At 10°C, however, we noted that pH of the arils in the OPP and Osx films decreased during the storage period. Interestingly, at 10°C the arils in the OPP film had lower pH than the arils in the Osx film at six days of stor- age; however, at eight days the arils in the Osx had lower pH than the arils in the OPP. Also, the pH of the arils that were stored at 5°C were higher than those stored at 10°C for OPP and Osx, while an increase in the pH of control was observed during the storage period under both temperature regimes.
The variation of the titratable acidity at 5°C and 10°C showed similar pattern during the storage period (Fig. 6) . After four days of storage at 10°C, the acidity of the arils decreased in Osx and OPP, while in control it increased. Nevertheless, the decrease in the OPP film was less significant than the decrease observed in the Osx and control. The acidity increased in OPP and Osx between days four and eight at 10°C, but decreased in the control to values below those of the Osx and the OPP. 
Chilling injury (CI) and visual quality evaluation
During storage under the two refrigerated temperature regimes, ackee arils were subjected to moderate or severe chilling injury and the visual and sensory quality attributes varied (Table 2) . At eight days storage at 10°C, CI observed on arils stored in Osx was more severe, while it was moderate on arils stored in OPP and control at the same temperature. After eight days storage at 5°C, arils stored in control and Osx films were severely affected by CI, while in OPP arils were moderately affected. After eight days storage, CI was 1.20, 1.17 and 2.75 at 10°C, and 2.85, 1.25 and 3.00 at 5°C in control, OPP and Osx, respectively. Overall, the visual quality of ackee arils was much better preserved by OPP after six days storage under both tem- perature regimes however, at 5°C the incidence of CI was more visible on arils stored in control and Osx, while OPP reduced CI incidence (Fig. 7) . Interestingly, we noted that after eight days storage, decay incidence was almost not seen, and other features such as dryness, shrivelling and wilting were moderate or less severe under OPP films. We also noted that the gloss and odour were also well preserved up to six days storage in the same packaging film. 
Discussion
Mesophilic aerobic bacteria (MAB), Yeasts and Moulds
It was noted that at 10°C, a slight decrease of MAB count occurred during the last two days in OPP, and this might be due the high accumulation of CO 2 which inhibited the grow of the aerobic flora [16] . On the other hand, the growth at 5°C was more regular, and this might be due to the slowing down by the low temperature and the slow modification of the composition of the atmosphere in the films. The decrease in yeasts and moulds observed under the OPP film is also mainly due to the accumulation of CO 2 which slows down the growth of yeasts and triggers the fermentation process. The steady state in OPP and Osx at 5°C might be likely due to the slight accumulation of CO 2 which slows down the growth of both yeast and moulds, although high CO 2 concentration triggers the fermentative process as observed in OPP at 10°C. The similar growth pattern of the control and Osx at 10°C and 5°C was a consequence of the relatively higher O 2 permeances in comparison to that of the OPP. Moreover, the variation in the yeasts and moulds growth pattern of Osx at 10°C and 5°C may be due to the respiration rate of the arils being higher at 10°C in comparison to respiration rate at 5°C as reported previously by Benkeblia [7] .
Although no study reported on the effects of MAP on ackee arils during storage, extensive literature exists on the use of MAP to extend the shelf-life of fresh crops including tropical fruits. Although barely comparable, 9: excellent, freshly cut; 7: very good; 5: good, limit of marketability; 3: fair, limit of usability; and 1: poor, unusable. + + + : Excellent or no defects; ++ Very good with minor defects; + Acceptable and marketable; -: poor and not marketable.
some studies showed that MA packaging reduced MAB, yeasts and moulds of prickly pear stored at 4°C [11] . Similarly, Dehghan-Shoar et al. [17] reported that modified atmosphere packaging with higher CO 2 slowed down the growth of yeasts and moulds of sayer date palm fruit stored at 4°C. On the other hand, the higher growth level of yeasts and moulds compared to that of MAB might be due to the high tolerance of yeasts and moulds to the acidic conditions compared to bacteria [18, 19] .
Weight losses
The high weight losses observed in Osx is caused by its high permeability to water vapour causing higher diffusion, while the low weight observed in OPP is due to its low water vapour permeability and higher accumulation of water vapour in the pouch. Water loss from the produce is directly proportional to the pressure gradient resulting from the difference in the water vapour pressures at the surface of the produce and the air surrounding the produce [10] . Therefore, the lower rates of weight loss at 5°C in comparison to those at 10°C may be a result of lowered respiration and transpiration rates at lower temperatures [20] . Because temperature influences the respiration rate which follows the Arrhenius model, it is expected that the cumulative weight losses and average water vapour transmission rates would be larger at higher storage temperatures [21, 22] , and weight losses higher than 3-6% reduce considerably the quality attributes of fresh produces as reported by Parry [23] .
Variation of pH and titratable acidity
This difference in the pH of the arils at 5°C and 10°C might be due to the concentration of CO 2 in the film. The accumulation of CO 2 in Osx and OPP films may be attributed to the higher barrier property in comparison to control film, which exhibited increased pH at 5°C and 10°C. The lower pH of the arils in OPP film in comparison to those in Osx film may be attributed to the difference in the CO 2 permeance of the film. However, the slight variation of pH under both films might suggest the low fermentative metabolism and the production of organic acids. In the control, the increase of pH might be caused by the catabolic activity of the organic acids and therefore the increase of the pH in the cells. Indeed, higher concentrations of CO 2 in packaging films slow down the growth of the aerobic microorganisms and favour the fermentation process resulting in the production of organic acids at higher temperatures [20, 24] . For example, a study reported that pH of papaya fruit stored at lower temperatures was much higher [21] , while sayer date palm fruit in high CO 2 packaging had a pH that was much lower than that of the control at 4°C. A similar trend was observed by Azene et al. [21] during the study of papaya at ambient temperatures. The authors reported that TA decreased after two days of storage but an increase was observed afterwards, and Yamashita et al. [25] reported a similar increase in TA of packaged atemoya fruit. According to Azene et al. [21] , the low acidity observed at refrigerated temperature regimes might be the consequence of the lowered respiration rate resulting in lower levels of carbohydrate catabolism producing less organic acids. Also, the moisture losses may have contributed to increasing the concentration of the TA of the arils in the films, especially at 10°C.
Chilling injury (CI) and visual quality evaluation
Indeed, Osx O 2 permeance is about seven folds higher than that of OPP film, therefore, OPP film has a higher barrier to O 2 which can trigger the production of reactive oxygen species (ROS). The high degree of CI in Osx and control stored at 5°C is attributed to the low water vapour permeance, which resulted in low weight loss. It was postulated that the peroxidation of the lipids of the cell membrane, due to critically low O 2 levels, is the major cause of CI [26] . According to Marangoni et al. [27] and Shewfelt and Rosarion [28] , both fatty acid oxidation and formation of ROS theories are involved in CI, which results in the molecular reordering of the membrane lipids. Thus, cultivars having higher saturated fatty acid proportions are more susceptible to CI, while cultivars having higher proportions of unsaturated fatty acids are more resistant to CI [27] . However, Nukuntornprakit et al. [29] reported that no evident correlation was found between CI and membrane fatty acid composition or fatty acid oxidation in pineapples. Nevertheless, Cao et al. [30] noted that a higher degree of membrane lipid unsaturation and less ROS enhanced the resistance of loquat fruit to chilling injury.
Conclusion
Although the application of MAP to ackee and some tropical crops has not been investigated yet compared to many other fruits and vegetables consumed widely, the effects of different modified atmospheres using different packag-ing materials combined with refrigeration on the storage conditions and the preservation of the shelf-life of fruits and vegetables either whole or minimally processed is well documented. In our study and in order to fill this lack of information, we found that OPP at 10°C extended the perceived marketability to day six, an increase of 2 days in comparison with the control. OPP also exhibited lower MAB, yeasts and moulds and the lowest weight loss at both temperatures, while the pH of the arils did not vary significantly under the two films but increased in the control. However, water vapour from respiration and transpiration accumulated on the internal surface of OPP film, and this affected the quality attributes of ackee arils. In conclusion, our results showed that OPP film was more effective for MAP storage of ackee arils under the two refrigerated temperatures; however, neither OPP nor Osx showed good efficiency in reducing the chilling injury of the ackee arils. Nevertheless, further studies should be conducted to evaluate the effectiveness of incorporating moisture absorbers in OPP film, and a range of storage temperatures could be investigated to determine the CI inducing specific temperatures.
